Introduction {#S0001}
============

Keratoconus (KC) is a progressive asymmetric ectatic disorder that has biomechanical and structural effects on corneal collagen organization. It is characterized by progressive thinning of the cornea, which results in corneal protrusion, irregular astigmatism, and decreased visual function.[@CIT0001]

Pediatric KC is more aggressive, with a higher rate of progression than adult KC; and that is mainly because of the dynamic nature of the young cornea.[@CIT0001]

Epidemiology of pediatric KC was not extensively discussed in the literature,[@CIT0001] and to the best of our knowledge; this is the first study to report the prevalence of subclinical KC in pediatric age group with astigmatic error.

In Lebanon, El-Khoury et al reported an incidence of 0.53% in children 14 years or younger who were diagnosed in a tertiary referral eye center.[@CIT0002] Another study conducted in southwestern Nigeria reported 0.08% prevalence of blindness among school children due to KC.[@CIT0003] A recent study was conducted in Saudi Arabia reported 4.79% prevalence among the pediatric age group.[@CIT0004]

Subclinical KC refers to a form of the disease in which the characteristic slit-lamp, keratometric, and retinoscopic findings are absent.[@CIT0005] The diagnosis of such cases is highly challenging, and the parameters of diagnosis should be adequately determined.[@CIT0006]

Many methods with different corneal topographers have been used for the diagnosis of KC and subclinical KC. Pentacam is an advanced instrument that scans the anterior and posterior cornea with a rotating Scheimpflug camera. Reproducibility and repeatability of measurements of the corneal thickness and posterior elevation have been proved to be high.[@CIT0007]

Studying the epidemiology of KC helps to apply adequate plans for the screening and early treatment of the condition. Early detection of cases is of utmost importance, as it allows us to advise the best treatment plan to prevent the progression of the disease.[@CIT0004]

The aim of our study is to report the prevalence of subclinical KC, and KC suspects in pediatric Egyptian population with astigmatic error ≥2 D, with the use of CSO Sirius tomographer.

Methods {#S0002}
=======

This is a cross-sectional study that was conducted in the pediatric ophthalmology clinic of (Eye Care center) in Cairo, Egypt.

The study adhered to the tenets of the declaration of Helsinki. The ethical approval process for clinical research for this study was achieved in agreement with the regulations of the Eye Care Center (approval number PRO170402).

The study included all the children aged (6--18) years with an astigmatic error of ≥2D, who attended the pediatric ophthalmology clinic for routine checkups. Children with an astigmatic error of less than 2 D, or giving a history of previous intraocular surgery, or showing keratometric, biomicroscopic or retinoscopic signs of unilateral or bilateral clinical KC were excluded from the study.

After obtaining informed consents from the parents or guardians, all included subjects were given a referral sheet including demographic data, medical and family history, and comprehensive eye examination.

Routine history recording of each patient included: age at the time of presentation, gender, symptoms (blurred and decreased vision, monocular diplopia, photophobia, headache, glare, ghosting of images and frequent changes in glasses prescription), history of ocular disease (allergy and vernal kerato-conjunctivitis VKC), systemic disease associated with Down syndrome (cardiac; mitral valve prolapse, atopic diseases), and family history of KC.

Clinical assessment of subjects included: measurements of Snellen visual acuity; monocular unaided, and optimal corrected distance visual acuity CDVA (with the best manifest correction), keratometry measurement, objective cycloplegic refraction measurement (streak retinoscopy) that may provide a sensitive assessment for detecting and confirming the diagnosis of early KC. It was used to determine the initial refractive error.

Slit-lamp biomicroscopy examination was performed to detect the presence or absence of biomicroscopic signs of KC, such as apical thinning, Fleischer's ring, Vogt's striae, and apical scars.

Imaging and Classification of Cases {#S0002-S2001}
-----------------------------------

All patients underwent bilateral corneal imaging by CSO Sirius instrument, a pentacam with Scheimpflug technology. The Sirius studies the tomography of the anterior ocular segment with a 3D corneal analysis. It merges the Scheimpflug technology with the placido disc topography for assessment of corneal elevations, and curvatures. All scans were taken by a single experienced ophthalmologist who was masked to the patients' diagnoses. Subjects were instructed to blink completely just before the measurement, then to look at the fixation target with the opening of both eyes for proper alignment. The examiner then aligned the instrument and started to capture the scans of both eyes (25 images per second for each eye, with a resolution of 1024 x 768 pixels). The Scheimpflug camera acquires radius of curvature measurements in the flat and steep meridians on a 3 mm diameter field of the central cornea. The instrument was re-aligned before each measurement. Only scans with the comment (OK) in the quality specification window were taken. The image acquisition quality criteria of Scheimpflug images are coverage ≥ 90%, centration ≥ 90% and keratoscopy coverage ≥ 80%.

Two experienced cornea consultants were involved in studying each subject's tomography scans. All patients with suspected or abnormal tomographic images detected by one or two consultants were invited for further clinical examinations, including slit-lamp biomicroscopy, fundoscopy, and corneal imaging by the CSO Sirius tomographer.

In absence of any clinical signs of KC; either keratometric, retinoscopic or biomicroscopic, the classification of cases into subclinical KC, KC suspect, and normal was based on: 1 -- The computerized analysis obtained by the CSO Sirius tomographer, 2 -- Studying the tomography maps of patients.

The KC screening software parameters obtained by the Sirius are: \[symmetry index front (SIf), symmetry Index back (SIb), Baiocchi-Calossi-Versaci index (BCV) front, back and total, and 4.5 and 8 mm zone root-mean-square values per unit area (RMS/A) front and back\].

Diagnosis of definite subclinical KC was established when there are two or more atypical tomography patterns (Inferior isolated steep cone/asymmetric bow tie with inferior steepness and I-S ratio over 1.4, or posterior elevation \> 20 µm, or K Max \> 49 D, Km \> 47.2 D, in addition to classification (KC) by Sirius software analysis, in absence of any clinical signs of KC; either keratometric, retinoscopic or biomicroscopic).

However, we considered subclinical KC a suspect when only one tomographic criterion was found, in addition to classification (KC suspect) by Sirius software analysis, and in absence of any clinical signs of KC; either keratometric, retinoscopic or biomicroscopic.

In case of disagreements between consultants regarding classification, the decision was made according to the Sirius analysis results.

Statistical Analysis {#S0002-S2002}
--------------------

Statistical analysis was performed using SPSS 21 software. All normally distributed continuous data were presented as means and Standard Deviations. The Chi-square test was used to determine whether gender or age is significantly associated with KC and KC suspects.

We used the following formula for a CI for a population proportion: $$\documentclass[12pt]{minimal}
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Multivariate logistic regression analysis was performed to explore the association between KC and KC suspect and the independent variables (age and gender). Adjusted odds ratios (OR) as a measure of association and 95% confidence intervals (CI) were calculated. All tests were two-tailed and *P* values lower than 0.05 were considered statistically significant.

Results {#S0003}
=======

There were 547 subjects enrolled in our study, they attended the pediatric ophthalmology clinic of (Eye Care center) in Cairo, Egypt during the period between March 2017 and December 2017.

Mean age was 11.34 ± 3.03 (range 6--18) years. Regarding age groups; there were 278 subjects (50.8%) between 6 and 12 years, and 269 subjects (49.2%) between 12 and 18 years. There were 265 (48.4%) males and 282 (51.6%) females.

Among all the subjects, there were 26 KC patients, 24 KC suspects, and 497 were normal. Classification and frequency of the disease are demonstrated in ([Table 1](#T0001){ref-type="table"}). ([Figures 1](#F0001){ref-type="fig"}--[3](#F0003){ref-type="fig"}) show representative CSO Sirius scans for KC, KC suspects, and normal eyes, respectively.Table 1Classification and Frequency of KC, KC Suspects, and Normal SubjectsClassificationFrequencyPercentCI\*Normal49790.9%88.49--93.31KC suspects244.4%2.68--6.12KC264.8%3.01 −6.59[^1] Figure 1CSO Sirius scan image of a case of KC.Figure 2CSO Sirius scan image of a case of KC suspect.Figure 3CSO Sirius scan image of a normal eye.

The prevalence of disease laterality is shown in ([Table 2](#T0002){ref-type="table"}).Table 2Prevalence of Laterality of CasesDiagnosisFrequencyPercentNormal49790.9%Unilateral KC suspects152.7%Bilateral KC suspects91.6%Unilateral KC132.4%Bilateral KC132.4%

The descriptive statistics for the tomographic numerical data are represented in ([Table 3](#T0003){ref-type="table"}).Table 3Mean Values of Sirius Parameters for Study GroupsVariableMean ± Standard Deviation*P*Normal^a^KC Suspect^b^KC^c^CCT (μm)544.2 ± 34534.8 ± 24520.3 ± 88.7^a^0.004Pachy thin (μm)540 ± 34.6530.4 ± 22.4500 ± 83.1^a,\ b^\<0.001K max (D)46.6 ±2.98^a,\ b^47.49 ± 3.7^b,\ c^50.6 ± 4.34^a,\ c^\<0.001Sim K1 (D)41.99 ± 1.8^a,\ b^40.97± 2.45^b,c^43.7 ± 3.99^a,\ c^0.002Sim K2 (D)45.16± 1.85^a,b^44.47± 2.81^b,c^47.73 ± 4.3^a,c^\<0.001Corneal volume (mm3)58.07 ± 3.7155.59 ± 3.29^a^57.86 ± 6.410.009ACD (mm)3.12 ± 0.313.52 ± 0.29^a,c^3.23 ± 0.25^b^\<0.001Ant. Elevation (μm)2.4 ± 6.2^a,b^10.01 ± 1.6^b,c^14.6 ± 10^a,c^\<0.001Post. Elevation (μm)3.1 ± 5.5^a,b^14.06 ± 2.2^b,c^20.8 ± 13.2^a,c^\<0.001Top. Cylinder (D)−3.21 ± 1.11−3.56 ± 0.76−3.76 ± 1.23^a^0.019[^2]

There was a significant difference between the percentages of KC with regard to gender (*P* = 0.03), and we found that the percentage of KC in males was significantly higher than in females ([Table 4](#T0004){ref-type="table"}). However, there was no significant difference between the percentages of KC suspect with regard to gender.Table 4The Prevalence of KC with Regard to GenderGenderFrequencyPercentCIP valueMale186.8%3.77--9.830.03\*Female82.8%0.87--4.73[^3]

Moreover, we found a significant difference in the prevalence of KC with regard to age groups (*P*\< 0.001), as it was significantly higher in the age group (12--18) years than (6--12) years ([Table 5](#T0005){ref-type="table"}).Table 5The Prevalence of KC with Regard to Age GroupsAge GroupFrequencyPercentCIP value6--12 years41.4%0.02--2.78\<0.001\*12--18 years228.2%4.92--11.48[^4]

The prevalence of KC suspects was also significantly higher in the older age group (12--18) years. (*P* = 0.03).

Discussion {#S0004}
==========

KC in pediatric age group was not extensively discussed in the literature, and few reports are available about the epidemiology of the disease.[@CIT0001]

In our study, we report 4.8%, and 4.4% prevalence of subclinical KC and KC suspects, respectively, among pediatric Egyptian population with astigmatic error ≥2 D. This percentage is comparable to the results of a recent study that was conducted in Saudi Arabia; the study reported 4.79% prevalence of KC among pediatric Saudi children. However, that study relied mainly on the tomographic imaging without clinical examination of patients, also it did not differentiate between KC cases and KC suspects.[@CIT0004]

Another study was conducted in Egypt to investigate corneal abnormalities among children with high myopia for early detection of KC. They reported a 9.2% prevalence of KC among the studied population. A value, which is higher than our results. However, this study had different inclusion criteria. First: the study group age was less than 14 years old. Second: they included high myopic cases with more than 6D either with or without astigmatism.[@CIT0008]

Our results are much higher than the results of a study conducted in Lebanon which reported an incidence of 0.53% in children 14 years or younger who were diagnosed in a tertiary referral eye center.[@CIT0002] Another study conducted on a group of Lebanese medical students with a mean age of 23.6 revealed a 3.3 prevalence rate.[@CIT0009] In Iran, Hashemi et al reported a 2.5% prevalence of KC among students of Mashhad University with mean age 26.1.[@CIT0010] Awwad et al reported that: the prevalence of KC is 17.5--19.1% in pediatric first-degree relatives aged 6--18 years of patients with KC.[@CIT0011]

KC induces progressive myopia and irregular astigmatism. In literature, few studies reported the association between prevalence of KC and refractive errors. A study conducted by Serdarogullari et al reported an overall percentage of 14.1% (6.3% cases of KC, and 7.8% subclinical KC) among the general population with astigmatic error ≥2 D. which is the same astigmatic error value (≥2 D) we used in our study to compare the prevalence of the disease in children. Serdarogullari et al study concluded that higher prevalence rates of KC will be associated with increased astigmatic errors.[@CIT0012] That prevalence rate was a higher estimate as compared to our study and other reported percentages in literature. Though this study may not actually represent the prevalence of KC among the general population with astigmatism, because of the small sample size (64 patients).[@CIT0012]

Prevalence of KC in literature has shown a wide range of variations, and that could be attributed to genetic, geographical, ethnic, diagnostic and environmental factors.[@CIT0002] In 1986 Kennedy et al reported that the prevalence of KC in the population of Minnesota was 0.05%.[@CIT0013] This study was conducted over a 48-year duration, and it is the most frequently cited reference in this subject.[@CIT0004]

Prevalence of KC is higher in the Middle East than in other areas, as proved by literature.[@CIT0009],[@CIT0010],[@CIT0014]-[@CIT0017] This might be due to the high incidence of chronic allergies and spring catarrh.[@CIT0017]

In our study, VKH was reported in 35% of cases with subclinical KC, which is comparable to the value obtained by Omar & I.A.N who reported a 37.5% prevalence of VKC in KC eyes in Egyptian children with myopia.[@CIT0008] Prevalence of eye allergies between Egyptian children is about 20.05%, and VKH represents about 3.95%. The association between KC and allergic conjunctivitis is controversial; however, most studies have reported a firm association between allergy with eye rubbing and keratoconus.[@CIT0017]

In our study, we found that the percentage of subclinical KC in males 6.8% was significantly higher than in females 2.8%. Some studies in the literature have reported a higher prevalence of KC in males.[@CIT0002],[@CIT0018]-[@CIT0021] Others have reported a higher prevalence in females,[@CIT0022] and some studies did not find any differences between males and females.[@CIT0005],[@CIT0013],[@CIT0023]

The upper age limit for pediatric age groups in our study was 18 years old; (in accordance with the Egyptian law), and that is also the age limit for children officially accepted in the governmental hospitals in Egypt.

Also, we divided cases into two age groups in order to highlight the higher prevalence rate of the disease among older age groups, as we report a higher percentage (8.2%) of subclinical KC among the older age group (12--18) years as compared to (1.4%) in the younger age group. A result was consistent with Awwad et al study that reported an increased prevalence of KC among increasing age groups of pediatric first-degree relatives of KC patients.[@CIT0011]

Pediatric KC is much more aggressive with higher rates of progression than in adults. This is attributed to the structural differences in the collagen cross-linking between the young and adult cornea.[@CIT0001] Early diagnosis of the disease with proper selection of the treatment plan is crucial, it can prevent deterioration of the disease that can cause severe ocular morbidity.[@CIT0001],[@CIT0011]

This study is limited because of its cross-sectional design; a cohort study would provide a better understanding of the nature of the disease. Using a clinical sample, instead of a population-based sample for prevalence estimates is another limitation of our study. Accordingly, our results may not reflect the actual prevalence of subclinical KC among Egyptian children with astigmatic error ≥2 D. However, the high prevalence rate that we report should ring a bell. Further research with adequate population-based sample is required to corroborate the results of this study.

Differentiation between KC suspects and normal eyes with tomographic criteria is difficult and challenging, there are no universally accepted diagnostic criteria for KC suspects, and that represents a shortcoming for all KC screening methods.[@CIT0011],[@CIT0012]

Scheimpflug-based tomographers such as Sirius have shown promise in early detection of KC cases and suspects. Since the Scheimpflug principle works with the highest depth of focus and the least image distortion, it delivers valuable information from the anterior corneal surface to the posterior lens surface.[@CIT0024]

CSO Sirius specificity, sensitivity, and predictability have been discussed in some studies in the literature. Shetty et al reported that the Slb, BCV, and 8 mm RMS/A back screening indices have shown specificity equals to (100% each), and SIf, BCVf and 4.5 mm RMS/A back indices have shown sensitivity equals to (84.6%) in distinguishing KC from normal eyes. However, to differentiate subclinical KC from normal eyes, the highest specificity was seen for SIb parameter (100%).[@CIT0025]

Another study was conducted by Safarzadeh M and N Nasiri to assess the anterior segment parameters of KC eyes at different stages of the disease by the Sirius tomographer, concluded that posterior corneal elevation, corneal thickness, RMS, BCVf and BCVb are the most important indices that need to be considered to diagnose different grades of keratoconus.[@CIT0025]

Maresca et al study concluded that: Sirius showed precision and repeatability almost twice as much as ultrasound pachymetry.[@CIT0026]

Wang Q et al conducted a study to comprehensively assess the precision and agreement of anterior corneal power measurements using eight different devices, which are Tomey RC-5000, Topcon KR-8000, IOLMaster, Allegro Topolyzer, Pentacam and Sirius. They concluded that anterior corneal curvature measurements obtained from the eight different devices present very good repeatability and reproducibility.[@CIT0027]

A study conducted by Shetty et al concluded that although the screening indices from the Scheimpflug devices can effectively differentiate KC from normal, the cutoff values are still not adequate for differentiation between normal and sub-clinical cases.[@CIT0028] Hence, the importance of individual evaluation of the tomography maps of each patient.

Future studies may include the screening of children corneas using ultrahigh-resolution anterior segment optical coherence tomography (AS-OCT) that detects a smaller thickness of the epithelium and Bowman layer, with an epithelial donut pattern of eyes with KC, enabling for an earlier diagnosis.[@CIT0029]

We report a high prevalence (4.8%) of subclinical KC in children with astigmatic error; therefore we recommend tomography screening for children with astigmatic error ≥2 D.

To the best of our knowledge, this is the first study to report the prevalence of subclinical KC in pediatric age group with astigmatism.

Conclusion {#S0005}
==========

Pediatric KC is a serious disease. Early detection can prevent severe ocular morbidity. The development of Scheimpflug-based corneal imaging techniques enables the early diagnosis of the disease. Prevalence of subclinical KC among pediatric age group with astigmatism is relatively high, hence the importance of corneal tomography screening for children with astigmatic error ≥2 D.
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[^1]: **Note:** \*95% Confidence Interval for the Percentage in the Population.

[^2]: **Notes:** Letters a, b, and c in any cell mean that there is a significant difference between the mean in this cell and the mean of normal, KC suspect, and KC group.

    **Abbreviations:** CCT, central corneal thickness' Pachy thin, pachymetry thinnest location; Corneal vol, corneal volume; ACD, anterior chamber depth; Top cyl, topographic cylinder.

[^3]: **Note:** \*Significant at 95% level of significance.

[^4]: **Note:** \*Significant at 99% level of significance.
